Hydrophobins are small, amphiphilic proteins with an innate ability to self-assemble in a hydrophobin-hydrophilic interface. Hydrophobins are secreted by filamentous fungi, and the ability to self-assemble at air-water interface serves in lowering the surface tension of water during hyphal growth 15 while assembly on the cell wall -air interface forms a protective coating on the fungal surface when growing into the air 1 . The amphiphilicity of the assemblies and the molecule itself arises from a patch of hydrophobic residues on the protein surface 2 , even though proteins typically have the 20 majority of hydrophobic residues in the core of the protein. The fold of the protein molecules, as also observed previously, composes of four antiparallel β-strands and an α-45 helix. The β-strands form a small barrel, which is reinforced by two disulfide bridges. Two additional disulfide bridges join the α-helix and the N-terminal loop to the β-barrel. Very modest signs of changes, mainly in the side chain conformations, were observed in the protein molecule in 50 comparison to the previous crystallographic structures of the same protein, excluding the residues Asp59 and Glu60 for which both the main and the side chains were in distinct conformations.
The two molecules in the asymmetric unit, designated as 55 molecules A and B (Figure 1 ), lie side-by-side in such away that the hydrophobic surface areas (composed of residues Leu7, Val18, Leu19, Leu21, Ile22, Val24, Val54, Ala55, Val57, Ala58, Ala61, Leu62, Leu63 in HFBII) are aligned in uniform direction. This arrangement is similar to the 60 amphiphilic dimer described in the previous fibrilar sturucture 2PL7, with the distinction that the detergent molecule is crammed between the two protein molecules instead of lying on top of the hydrophobic surface (Supplementary information).
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While no detergents were directly added to the crystallization solution, the nanosphere suspension contained residual amounts of sodium dodecyl sulphate (SDS) alike detergent, likely to help to solubilize the polystyrene nanospheres. When a large, linear electron density was 70 detected in the vicinity of hydrophobic surface areas (Supplementray information), partially buried by the protein molecules, SDS was refined to the residual density. The hydrophobic tail of the SDS interacts with the side chains of surrounding hydrophobic residues (Val7 and Phe8 from 75 molecules A and B) and the oxygens of the sulphate group form hydrogen bonds to the main chain nitrogens (Val7, Phe8) in molecule B.
Due to detergent intervention, no uniform hydrophobic surface is formed by the adjacent protein molecules. However, 80 takig into account the hydrophobic aromatic residue Phe8 and the hydrophobic tail of the detergent, a uniform hydrophobic surface is formed in combination of protein molecules and the detergent. The nature of the detergent seems to affect the The basic unit of the amphiphilic tubes is an octamer, composed of four molecules A and four molecules B ( Figure  2a ). Within the octameric array, in addition to interaction 25 between the molecules in the asymmetric unit, each molecule A is in contact with two symmetry related molecules B, and vice versa. Here, the hydrogen bonding interaction is between Gln60 NE2 and Thr16 OG1 and residues Val18, Leu19, Leu21, Ile22, Val54, Ala55, Val57, Ala61, Leu62, and Leu63 30 from the hydrophobic patch of both molecules contribute to the interactions. The formation of this important hydrogen bond for octamer interaction is the likely cause for distinct confromations of the residues Asp59-Gln60 in comparion to previous HFBII structures. Gln60 is also an outlier in the A small tunnel, below 10 Å in diameter, is left inside the protein octamer. At the inner surface of the array is located an abundance of the residues of the hydrophobic surface area, 50 creating an amphiphlic nature for the tubes. The diameter of one hydrophobin monomer is slightly less than 30 Å and the diameter of the tube is approximately 60 Å. Large solvent channels are left between the outern, or the hydrophilic, walls of the individual tubes. These solvent channels are about 50 Å 55 in diameter. The solvent content of these crystals is about 61%, which is in the range typical for protein crystals.
The interaction between the two protein molecules of the aymmetric unit is exactly the same as an interaction found between adjacent molecules in the previously determined 60 structure (Supplementary information, structure 2PL6), which hints that the formation of this structure is not random but a result of the sophisticated mechanism by which this protein self-assembles. It is remarkable, that the basic building block i.e. the hydrophobin molecule can produce such divers 65 oligomeric structures yet the molecule itself is rather rigid. However, the fold of the protein allows some plasticity to enhance interactions and to adopt to a new environment 2 .
Much effort has been directed in producing protein or peptide nanotubes by using a computational approach, 70 template-synthesis or protein engineering 5 . Other nanostructures (micelles, vesicles, ribbons, fibers and tubes) consisting solely of biomaterials also exist, as the discovery of carbon nanotubes has pushed towards fabrication of organic and inorganic nanostructures. Self-assembled micro-and 75 nanotubes of phospholipids, glycolipids, bolaamphiphiles and two-component systems have been developed 5 . Also a DNA single-strand has been rationally designed to form nanotubes by self-assembly 5 .
Artificial self-assembled nanotubes of almost complete 80 protein, hydrolyzed milk protein α-lactalbumin, has been described 5 , with potential applications in food and non-food industry. Nanotubes may also be formed by self-assembly of surfactant-like peptides 6 , in which case the driving force in self-assembly is to bury the hydrophobic tails of the peptides.
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What we present here is a case of a natural, intact surfactant protein producing a hollow nanotube structure that is amphiphilic itself. Figure 2 . The formation of crystal structure and the nanotube array: a) four asymmetric units combine to an octamer b) a
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